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(57)  One embodiment of the invention provides a
system that dissects edges of a layout of an integrated
circuit to produce a segmentation of the layout for a sub-
sequent optical proximity correction (OPC) operation. In
order to perform the dissection, the system first per-
forms a model-based simulation on the layout to gener-
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Description

Field of the Invention

[0001] The invention relates to the process of design-
ing and fabricating semiconductor chips. More specifi-
cally, the invention relates to a method and an semicon-
ductor chips. More specifically, the invention relates to
a method and an apparatus for generating an optical
proximity correction (OPC) segmentation.

Background of the Invention

[0002] As integration densities on a semiconductor
chips continue to increase at an exponential rate, it is
becoming progressively harder to deal with optical ef-
fects that arise during the optical lithography process
involved in manufacturing the semiconductor chips.
These optical effects can cause unwanted distortions in
the printed layout that is generated by the optical lithog-
raphy process.

[0003] To remedy this problem, a layout is often sub-
jected to a model-based optical proximity correction
(OPC) operation, which adjusts the layout to compen-
sate for optical effects. (Although the term "optical prox-
imity correction" is used in this specification, more gen-
erally the term as used herein refers to correction for
any specified proximity effects, e.g. optical, micro-load-
ing, etch, resist, etc.) These adjustments are made
based upon results of model-based simulations of the
printed layout. During this OPC operation, edges in the
layout are divided into segments, and each segment is
adjusted with a negative or a positive bias based upon
a deviation between the desired layout and the simulat-
ed layout.

[0004] One of the most effective techniques to in-
crease OPC correction accuracy is to reduce the length
of the correction segment, thereby allowing finer manip-
ulation units for the final correction. This approach leads
to correction improvements, but also leads to data vol-
ume explosion and increases mask construction difficul-
ties. These construction difficulties can lead to masks
that cannot be inspected, and sometimes not even con-
structed. (Note that the term "mask" as used in this spec-
ification is meant to include the term "reticle.")

[0005] Current methodologies for determining OPC
model-based segment sizes are based on worst-case
correction scenarios, combined with rules that look at
pattern placement to choose locations where larger than
worst-case segment lengths may be used. These tools
have been effective for sampling and correcting patterns
at 130 nm and above, but at 90 nm and below, some
segment lengths need to be as small as 25% to 20% of
the wavelength of the radiation (or light) used in the ex-
posure of the mask to produce adequate process mar-
gin and correction, e.g. for A = 193 nm, this would imply
~38-49 nm segments. Segmentlengths in these ranges
can produce regions on the mask that cannot be in-
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spected nor sometimes constructed. These mask con-
struction issues effectively prevent the use of the very
short segments necessary to make high-precision cor-
rections.

Summary of the Invention

[0006] Accordingly, a method and apparatus are pro-
vided as defined in the appended claims. In one embod-
iment, dissecting a layout of an integrated circuit is fa-
cilitated based on modeled intensity gradients to pro-
duce a segmentation for an optical proximity correction
(OPC) process. During operation, the system performs
a model-based simulation on the layout to generate in-
tensity gradients along edges of features in the layout.
The system also generates a segmentation for edges in
the layout based upon the intensity gradients, wherein
the segmentation is used by a subsequent OPC process
in generating corrections for the layout.

[0007] In one embodiment, the system generates the
segmentation for edges in the layout based upon the
intensity gradients along the edges, and then uses the
segment lengths to dissect the edges in the layout,
thereby generating the segmentation for the layout.
[0008] In one embodiment, the system identifies a
segment length for an edge by using a predetermined
association to map an intensity gradient angle (and pos-
sibly magnitude) to the segment length.

[0009] In one embodiment, generating the segmenta-
tion involves selecting a segmentation for a line-end in
the layout from a set of predetermined line-end segmen-
tations based upon intensity gradients associated with
the line-end. In a further variation, the segmentation for
the line-end is selected based upon a magnitude (and
possibly angle) of an intensity gradient associated with
the line-end.

[0010] In one embodiment, the system performs the
model-based simulation by dividing each edge in the
layout into minimum-sized segments, and then perform-
ing a model-based simulation to determine an intensity
gradient for each minimum-sized segment.

[0011] In one embodiment, the system determines a
gradient for a given minimum-sized segment by per-
forming a model-based simulation at two tangential
points along the segment to determine a tangential com-
ponent of the gradient.

[0012] In one embodiment, the system determines
the gradient for the given minimum-sized segment by
performing a model-based simulation at two points
along a normal to the segment to determine a normal
component of the gradient. Note that the gradient may
also be determined through other methods. For exam-
ple, a numerical gradient could be used that produces
an instantaneous gradient rather than the average gra-
dient. This has the advantage of only requiring one mod-
el evaluation per segment, so it is computationally
cheaper.

[0013] In one embodiment, the system performs a
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subsequent dissection on problem areas in the layout
after initial OPC operations take place. In addition to a
subsequent dissection, the same subsequent evalua-
tion can be used to merge segments that do not need
as much correction once correction has commenced.
[0014] In one embodiment, prior to receiving the lay-
out, the system calibrates the association between gra-
dients and segment lengths by first modeling an inten-
sity gradient across a test pattern, and then identifying
target regions in the test pattern that have a large
amount of correction shift variation. Next, the system
maps intensity gradients to the target regions, and as-
sociates segment lengths with the target regions. The
system then produces an association between intensity
gradients and segment lengths in the target regions,
whereby the association is subsequently used in gener-
ating the segmentation for the layout.

[0015] Therefore, rather than placing small segments
everywhere on the mask, the above-described process
uses gradient information to place small segments only
where required. Medium-length and longer-length seg-
ments are placed in regions where the process already
has adequate margin. This placement allows the difficult
correction areas to use shorter segments while main-
taining or reducing data volume by using longer seg-
ments in simpler areas.

[0016] The above-described technique performs
OPC segmentation based on modeled intensity gradi-
ents, where the OPC segmentation is used by an OPC
process to generate corrections for the layout of an in-
tegrated circuit so that the layout prints more accurately
on a semiconductor chip. Such an approach leverages
pre-correction process simulation to predict the most
"cost-effective" shape for a feature. With simulated pat-
tern characteristics and with consideration of potential
mask rule violations, the method can establish an opti-
mum correction shape "format." For example, the
choice between various line-end-treatments can be de-
termined up front, thus focusing the OPC computation
on the most effective and least complex shape, and dis-
pensing with the need to perform post-OPC mask con-
straint shape adjustments. This approach facilitates the
use of very short segment lengths without some of the
problems of existing techniques, and leads to a more
frugal correction that maintains correction accuracy
while reducing mask construction complexity.

Brief Description of the Drawings

[0017] Anembodiment of the invention will now be de-
scribed in detail by way of example only with reference
to the following drawings:

FIG. 1is aflow chartillustrating the wafer fabrication
process in accordance with an embodiment of the
invention.

FIG. 2 illustrates the process of creating a mask to
be used in fabricating an integrated circuit in ac-
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cordance with an embodiment of the invention.
FIG. 3 illustrates the process of correcting a layout
for an integrated circuit in accordance with an em-
bodiment of the invention.

FIG. 4A presents a flow chart illustrating how mod-
eled intensity gradients are used to generate a seg-
mentation in accordance with an embodiment of the
invention.

FIG. 4B illustrates how a gradient is sampled in ac-
cordance with an embodiment of the invention.
FIG. 4C illustrates an example gradient in accord-
ance with an embodiment of the invention.

FIG. 5 presents a graph of gradient coherence in
accordance with an embodiment of the invention.
FIG. 6A illustrates a line-end segmentation for a
dog-ear serif correction in accordance with an em-
bodiment of the invention.

FIG. 6B illustrates a line-end segmentation for a
line-extension correction in accordance with an em-
bodiment of the invention.

FIG. 7 illustrates a dissection test set example in
accordance with an embodiment of the invention.
FIG. 8 presents an example table that maps gradi-
ents to segment lengths in accordance with an em-
bodiment of the invention.

FIG. 9A illustrates an example set of intensity gra-
dients in accordance with an embodiment of the in-
vention.

FIG. 9B illustrates uniform segments used in cur-
rent correction/dissection methodologies.

FIG. 9C illustrates model-based segment sizing
based on intensity gradients in accordance with an
embodiment of the invention.

Detailed Description

[0018] The masks described herein are used during
the process of manufacturing an integrated circuit. More
specifically, FIG. 1 presents a flow chart illustrating the
wafer fabrication process in accordance with an embod-
iment of the invention. The system starts by applying a
photoresist layer to the top surface of a wafer (step 102).
Next, the system bakes the photoresist layer (step 104).
The system then positions a mask over the photoresist
layer (step 106), and exposes the photoresist layer
through the mask (step 108). In some embodiments,
multiple masks and/or exposures may be used in steps
106 and 108. Next, the system optionally bakes the wa-
fer again (step 114) before developing the photoresist
layer (step 116). Next, either a chemical etching or ion
implantation step takes place (step 118) before the pho-
toresist layer is removed (step 120). (Note that in the
case of a lift-off process, a deposition can take place.)
Finally, a new layer of material can be added and the
process can be repeated for the new layer (step 122).
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Design Process

[0019] FIG. 2 illustrates the process of creating a
mask to be used in the wafer fabrication process de-
scribed above in accordance with an embodiment of the
invention. The process starts when a circuit designer
produces a design 202 in VHDL, or some other hard-
ware description language. VHDL is an acronym for VH-
SIC Hardware Description Language. (VHSIC is a De-
partment of Defense acronym that stands for very high-
speed integrated circuits.) The VHDL standard has
been codified in Institute for Electrical and Electronic En-
gineers (IEEE) standard 1076-1993.

[0020] Design 202 thenfeeds through alayout system
203 that performs a number of functions, such as syn-
thesis 204, placement and routing 206 and verification
208. The result is an integrated circuit (IC) layout 210,
which is in the form of a specification expressed in a
format such as the hierarchical GDSII format.

[0021] IC layout 210 then passes into RET post-
processing system 211, which can perform resolution
enhancement techniques (RETSs) to facilitate printing of
the IC layout 210 on the finished wafer. At step 211, the
IC layout 210 can be processed for RET such as phase
shifting (e.g. alternating aperture dark field phase shift-
ing) followed by OPC to compensate for proximity ef-
fects that arise during the wafer production process.
[0022] The output of the RET post-processing system
211 feeds into fracturing process 212, which fractures
the layout for subsequent mask-writing operations. This
can be accomplished using any one of a number of well-
known mask fracturing techniques.

[0023] The output of fracturing process 212 is a new
IC layout 218. New IC layout 218 subsequently passes
into mask fabrication and inspection processes 220.

Process of Generating a Mask

[0024] FIG. 3 illustrates the process of generating a
mask to be used in fabricating an integrated circuit in
accordance with an embodiment of the invention. This
flow chart describes in more detail some of the opera-
tions performed during step 211 of the flow chart illus-
trated in FIG. 2.

[0025] Referring to FIG. 2, the system starts with an
IC layout 210 in GDSII format, and performs data prep-
aration and preprocessing operations on the layout,
which can include various operations, such as applying
biases and identifying gates (step 302). Next, the sys-
tem performs a dissection operation to divide figures in
the layout into segments for OPC purposes (step 304).
[0026] Once the segmentation is complete, the sys-
tem performs the OPC operation on the segmented lay-
out (step 306). If necessary, the system performs an ad-
ditional dissection on "problem areas" in the layout that
are not converging properly during the OPC process
(step 308). The additional dissection can also involve
reducing the number of segments in areas that prove to
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be simpler to correct than predicted.

[0027] Note that in some cases after a few iterations
of the OPC process, it becomes apparent that certain
problem areas in the layout are not converging fast
enough to produce an acceptable correction. In these
cases, instead of continuing to perform OPC iterations
with little or no gain, it is preferable to perform an addi-
tional segmentation (possibly using different segmenta-
tion parameters) on the problem areas to generate a
new segmentation. With this new segmentation, subse-
quent OPC operations are more likely to make progress.
[0028] Finally, the system performs a mask rule check
(MRC) operation to verify that the mask adheres to de-
sign rules before generating the new IC layout 218 (step
310).

Generating a Segmentation Using Model-Based
Intensity Gradients

[0029] FIG. 4A presents a flow chart illustrating how
modeled intensity gradients are used in generating a
segmentation in accordance with an embodiment of the
invention. This flow chart describes in more detail some
of the operations performed during step 211 of the flow
chartillustrated in FIG. 2. The segmentations are in turn
used during the dissection step 304 illustrated in FIG. 3.
[0030] By examining the modeled intensity gradient
across a pattern, a calibrated choice of segment length
can be made for any gradient value. This process in-
volves creating test sets comprising optically significant
but varying patterns, and then studying the gradient
characteristics of the various features.

[0031] The first step in this process is to develop an
adequate test case to understand the implications of
varying gradients (step 402). Note that the test set
should include areas with known varying optical proper-
ties, but need not be particularly large.

[0032] Once a test set has been developed, gradient
values for a specific model may be explored. An under-
standing of gradient characteristics is obtained by sam-
pling the gradient's angle and magnitude at various lo-
cations throughout the test set (step 404). To do this, a
fine sampling of the gradient along all edges of all the
test polygons is performed at a sampling frequency of
50 nm or smaller.

[0033] For example, referring to FIG. 4B, a single gra-
dient can be determined by taking four samples. Two of
these samples are taken at tangential points along the
edge, while the two other samples are taken along a nor-
mal to the edge. These four samples are used to com-
pute tangential and normal components of the intensity
gradient, which are combined to form the intensity gra-
dient, which can be specified by a magnitude and an
angle. Also note that it is possible to take fewer samples
or more than four samples to determine a gradient. The
output magnitude and angle are then correlated to cor-
rection complexity by investigating the sample segment
movement when the test set is corrected in an uncon-
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strained fashion using the model. (Note a number of dif-
ferent ways to sample a gradient are commonly known,
so the above-described technique is just an example of
one method.)

[0034] A pattern emerges where some correction re-
gions have more correction shift variation than others.
FIG. 7 illustrates this concept, where area 701 has a cor-
rection shift variation between each sampled segment
and area 704 has no correction shift variation between
segments. The areas with a greater number of shifts
need finer (smaller) correction segments, while those
with small or no correction shifts between segments can
have infinitely long segments. Once these regions are
identified, the gradient angle and magnitude data can
be mapped to them. This mapping can be used to cali-
brate a gradient angle to a segment length (step 406).
It can also be used to calibrate a gradient magnitude to
a choice of a specific segmentation for a line-end (step
408).

[0035] After the gradient has been calibrated against
segment length and line-end choice, the system can use
the calibrated segment lengths and line-end choices
while performing the dissection operations discussed
above with respect to steps 304 and 308 of FIG. 3.
[0036] Note thatin step 406 above, the segmentation
regions can be defined based on the gradient angle only.
FIG. 5 presents a plot of gradient angle and magnitude
versus pitch for the middle segment of a nested 4800
nm line. This is a one dimensional correction (ID) cor-
rection region that has special properties. The plot ex-
hibits no tangential slope component, but comprises sig-
nificant normal slope variation, which results in a con-
stant ~90° angle but a varying magnitude. The magni-
tude appears to be sensitive to coherence effects. How-
ever, even though the gradient magnitude is varying with
coherence, a series of nested segments at a distance
greater than ambit from any two-dimensional feature will
have the same correction shift within error for a given
pitch. Therefore, the information necessary to make
segmentation choices is completely contained within
the gradient angle for one dimensional correction re-
gions. This indicates that shorter correction segments
are necessary as more tangential gradient component
relative to the normal gradient component is present on
a segment. As two dimensional features are dissected,
the angle and magnitude may be used together to de-
cide dissection lengths.

[0037] A similar process can be used for selecting a
pre-defined segmentation for a line-end. For example,
the system can select between a line extension correc-
tion and a dog-ear serif correction. The two correction
features are illustrated in FIGs 6A and 6B. As is illus-
trated in FIG. 6A, a dog-ear serif correction divides the
line-end into three correction segments of length W nm,
and also divides the adjacent edges into short segments
designated by run length of X nm. As is illustrated in FIG.
6B, a line-end extension correction uses a single seg-
ment of length Y nm on the line-end, and Znm segments
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on the edges adjacent to the line-end. When properly
placed, there is little correction performance difference
between the two features, but a significant segment
count reduction when using the line-extension correc-
tion. Note that the segment lengths W, X, Y and Z can
be varied based on design, desire, and process.
[0038] In order to select a line-end segmentation, a
gradient magnitude at the line-end center can be used.
During the process of selecting a line-end segmenta-
tion, coherence is relevant to the type of structure used
during correction. The gradient magnitude for an isolat-
ed long line can be used to determine the trigger point
for a change between a line-extension correction and a
dog-ear serif correction. Note that the isolated line case
is a low mask error enhancement factor (MEEF) case
where a correction such as a line-extension should per-
form well. Also, note that there are instances where gra-
dient angle and magnitude may be used at the same
time, especially in 2D areas.

[0039] The dissection test set example in FIG. 7 illus-
trates the process for mapping gradient angles to dis-
section length requirements. Example results of this ef-
fort are presented in the table which appears in FIG. 8.
In particular, FIG. 7 illustrates a pattern prior to correc-
tion, with post-correction edge wire frame diagrams.
The area highlighted in region 701 has large correction
shifts applied to each correction and inspection of the
gradient angles reveals angles from 45 to 75 degrees
and 105 and 135 degrees. The correction in area 702
contrasts with that in area 701, revealing almost no var-
iation in the correction shift applied over the regions.
When the gradient angle is checked over this region, it
is found to move between approximately 90.1 and 89.9
degrees. (Note, the angle values in these examples may
change based on need and are only illustrative.)
[0040] Areas 703 and 704 are more marginal cases,
where the potential for some longer segments exist, but
variation is necessary to produce an adequate correc-
tion. In area 704, the gradient angle varied from 85 to
95 degrees and the segments had small correction
changes over several segments. In area 703, the gradi-
ent angle was between 80 and 100 degrees, but it had
significantly more correction shifts than were present in
area 704. Therefore, area 703 angles were binned with
area 701 angles, but area 704 was binned into its own
angle region with an intermediate segment length.
[0041] Once this lookup table (FIG. 8) is generated, it
can then be refined during the correction process itself.
For example, the exact transition values and segment
lengths (X'and Y) can be modified to refine the bin choic-
es for specific patterns.

[0042] In one embodiment of the invention, during
correction, the model-based dissection correction used
in this example only performs model-based dissection
on external line-end segments and one-dimensional
correction segments. All other segments can be dissect-
ed using rules identical to those used for the rule-based
dissection correction. The dissection length refers to the
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length of a single one-dimensional correction segment
in rule-based dissection and the smallest possible cor-
rection segment in model-based dissection. (Note that
in general segments can be dissected using model-
based dissection, or a mix-and-match approach as dis-
cussed above.)

[0043] A model-based dissection produces signifi-
cantly different results from a rules-based dissection.
For example, FIGs. 9A-9C compare results of a model-
based dissection against a rules-based dissection for a
feature edge in accordance with one embodiment of the
invention. FIG. 9A presents results of an initial gradient
data-gathering step with vectors plotted at sampling
points on the feature edge. FIG. 9B illustrates a seg-
mentation of the feature edge, which uses rule-based
dissection. In contrast, FIG. 9C illustrates model-based
segment sizing of the feature edge based upon intensity
gradients in accordance with one embodiment of the in-
vention. Note that the area with large angular deflections
receives shorter segments, while those with perpendic-
ular vectors are merged into one segment.

[0044] Note that the approach described herein can
be applied to any type of lithographic process for fabri-
cating semiconductor chips, including processes that
make use of, deep-ultraviolet (DUV) radiation, extreme
ultraviolet (EUV) radiation, X-rays, and electron beams,
along with suitably modified masks. Note also that the
approach described herein is not restricted to specific
types of OPC, but can be generally applied to features
related to a number of different correction or enhance-
ment techniques, such as techniques that use phase
shifting masks (PSM).

[0045] The data structures and code described in this
detailed description can be stored on a computer read-
able storage medium, which may be any device or me-
dium that can store code and/or data for use by a com-
puter system. This includes, but is not limited to, mag-
netic and optical storage devices such as disk drives,
magnetic tape, CDs (compact discs) and DVDs (digital
versatile discs or digital video discs), and computer in-
struction signals embodied in a transmission medium
(with or without a carrier wave upon which the signals
are modulated). For example, the transmission medium
may include a communications network, such as the In-
ternet. In some embodiments, the electromagnetic
wave form includes one or more of the Proteus™ and
iN-Tandem™ software programs, both from Synopsys,
Inc., Mountain View, California.

[0046] The foregoing descriptions of embodiments of
the presentinvention have been presented for purposes
of illustration in order to enable a person skilled in the
art to appreciate and implement the invention. They are
provided in the context of particular applications and
their requirements, but are not intended to be exhaus-
tive or to limit the present invention to the forms dis-
closed. Accordingly, many modifications and variations
will be apparent to practitioners skilled in the art, and
the scope of the present invention is defined by the ap-
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pended claims and their equivalents.

Claims

1. A method for dissecting a layout of an integrated
circuit based on modeled intensity gradients to pro-
duce a segmentation for an optical proximity correc-
tion (OPC) process, comprising:

receiving the layout for the integrated circuit;
performing a model-based simulation on the
layout to generate intensity gradients along
edges of features in the layout; and
generating a segmentation for edges in the lay-
out based upon the intensity gradients, wherein
the segmentationis used by a subsequent OPC
process in generating corrections for the lay-
out.

2. The method of claim 1, wherein generating the seg-
mentation involves:

determining segment lengths for edges in the
layout based upon the intensity gradients along
the edges; and

using the segment lengths to dissect the edges
in the layout, thereby generating the segmen-
tation for the layout.

3. The method of claim 2, wherein identifying a seg-
ment length for an edge involves using a predeter-
mined association to map an intensity gradient an-
gle (and possibly magnitude) to the segment length.

4. The method of claim 1, wherein generating the seg-
mentation involves selecting a segmentation for a
line-end in the layout from a set of predetermined
line-end segmentations based upon intensity gradi-
ents associated with the line-end.

5. The method of claim 4, wherein the segmentation
for the line-end is selected based upon a magnitude
(and possibly angle) of an intensity gradient asso-
ciated with the line-end.

6. The method of any preceding claim, wherein per-
forming the model-based simulation on the layout
involves:

dividing each edge in the layout into minimum-
sized segments; and

performing a model-based simulation to deter-
mine an intensity gradient for each minimum-
sized segment.

7. The method of claim 6, wherein determining a gra-
dient for a given minimum-sized segment involves



10.

1.

12,

13.

11 EP 1 522 889 A2 12

performing a model-based simulation at two tan-
gential points along the segment to determine a tan-
gential component of the gradient.

The method of claim 7, wherein determining the
gradient for the given minimum-sized segment in-
volves performing a model-based simulation at two
points along a normal to the segment to determine
a normal component of the gradient.

The method of any preceding claim, further com-
prising performing the dissection again on problem
areas in the layout after initial OPC operations take
place.

The method of any preceding claim, further com-
prising reducing the number of segments in areas
that prove to be simpler to correct than predicted
after initial OPC operations take place.

The method of any preceding claim, wherein prior
to receiving the layout, the method further compris-
es calibrating the association between gradients
and segment lengths by:

modeling an intensity gradient across a test
pattern;

identifying target regions in the test pattern that
have a large amount of correction shift varia-
tion;

mapping intensity gradients to the target re-
gions;

associating segment lengths with the target re-
gions; and

producing an association between intensity
gradients and segment lengths in the target re-
gions, whereby the association is subsequently
used in generating the segmentation for the lay-
out.

A computer program comprising instructions for im-
plementing the method of any preceding claim.

A computer-readable storage medium storing in-
structions that when executed by a computer cause
the computer to perform a method for dissecting a
layout of an integrated circuit based on modeled in-
tensity gradients to produce a segmentation for an
optical proximity correction (OPC) process, the
method comprising:

receiving the layout for the integrated circuit;
performing a model-based simulation on the
layout to generate intensity gradients along
edges of features in the layout; and
generating a segmentation for edges in the lay-
out based upon the intensity gradients, wherein
the segmentation is used by a subsequent OPC
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14.

15.

16.

17.

18.

19.

process in generating corrections for the lay-
out.

Apparatus that dissects a layout of an integrated cir-
cuit based on modeled intensity gradients to pro-
duce a segmentation for an optical proximity correc-
tion (OPC) process, comprising:

a receiving mechanism configured to receive
the layout for the integrated circuit;

a model-based simulator configured to perform
a model-based simulation on the layout to gen-
erate intensity gradients along edges of fea-
tures in the layout; and

a segmentation mechanism configured to gen-
erate a segmentation for edges in the layout
based upon the intensity gradients, wherein the
segmentation is used by a subsequent OPC
process in generating corrections for the lay-
out.

The apparatus of claim 14, wherein the segmenta-
tion mechanism is configured to:

determine segmentlengths for edges in the lay-
out based upon the intensity gradients along
the edges; and to

use the segment lengths to dissect the edges
in the layout, thereby generating the segmen-
tation for the layout.

The apparatus of claim 15, wherein while identifying
a segment length for an edge, the segmentation
mechanism is configured to use a predetermined
association to map an intensity gradient angle (and
possibly magnitude) to the segment length.

The apparatus of claim 14, wherein the segmenta-
tion mechanism is configured to select a segmen-
tation for a line-end in the layout from a set of pre-
determined line-end segmentations based upon in-
tensity gradients associated with the line-end.

The apparatus of claim 17, wherein the segmenta-
tion mechanism is configured to select the segmen-
tation for the line-end is selected based upon a
magnitude (and possibly angle) of an intensity gra-
dient associated with the line-end.

The apparatus of any of claims 14 to 18, wherein
the model-based simulator is configured to:

divide each edge in the layout into minimum-
sized segments; and to

perform the model-based simulation to deter-
mine an intensity gradient for each minimum-
sized segment.
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The apparatus of claim 19, wherein while determin-
ing a gradient for a given minimum-sized segment,
the model-based simulator is configured to perform
a model-based simulation at two tangential points
along the segment to determine a tangential com-
ponent of the gradient.

The apparatus of claim 20, wherein while determin-
ing the gradient for the given minimum-sized seg-
ment, the model-based simulator is configured to
perform a model-based simulation at two points
along a normal to the segment to determine a nor-
mal component of the gradient.

The apparatus of any of claims 14 to 21, wherein
the segmentation mechanism is configured to per-
form the dissection again on problem areas in the
layout after initial OPC operations take place.

The apparatus of any of claims 14 to 22, wherein
the segmentation mechanism is configured to re-
duce the number of segments in areas that prove
to be simpler to correct than predicted after initial
OPC operations take place.

The apparatus of any of claims 14 to 23, further
comprising a calibration mechanism configured to:

model an intensity gradient across a test pat-
tern;

identify target regions in the test pattern that
have a large amount of correction shift varia-
tion;

map intensity gradients to the target regions;
associate segment lengths with the target re-
gions; and to

produce an association between intensity gra-
dients and segment lengths in the target re-
gions, whereby the association is subsequently
used in generating the segmentation for the lay-
out.

An integrated circuit created through a process that
dissects a layout for the integrated circuit based on
modeled intensity gradients to produce a segmen-
tation for an optical proximity correction (OPC)
process, the process comprising:

receiving the layout for the integrated circuit;
performing a model-based simulation on the
layout to generate intensity gradients along
edges of features in the layout; and
generating a segmentation for edges in the lay-
out based upon the intensity gradients, wherein
the segmentation is used by a subsequent OPC
process in generating corrections for the lay-
out.
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26. A mask for use in an optical lithography process for

manufacturing an integrated circuit, wherein the
mask is generated through a process that dissects
a layout for the integrated circuit based on modeled
intensity gradients to produce a segmentation for
an optical proximity correction (OPC) process, the
process comprising:

receiving the layout for the integrated circuit;
performing a model-based simulation on the
layout to generate intensity gradients along
edges of features in the layout; and
generating a segmentation for edges in the lay-
out based upon the intensity gradients, wherein
the segmentationis used by a subsequent OPC
process in generating corrections for the lay-
out.
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